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Depletion of CD41 T cells aggravates glomerular and intersti- The pathogenetic mechanisms underlying progressive
tial injury in murine adriamycin nephropathy. glomerulopathy, interstitial injury, and renal dysfunction
Background. CD41 T cells play an important role in various in proteinuric renal disease are not clear. It is well knowntypes of immunologic renal disease, including lupus nephritis,
that the severity of renal dysfunction correlates with theIgA nephropathy, and crescentic glomerulonephritis. CD41
degree of interstitial disease in all types of human chronicT cells are also major infiltrating lymphocytes in chronic tubulo-
interstitial inflammation associated with nonimmunological re- renal disease [1]. Most forms of interstitial disease are
nal diseases. We suspected that CD41 T cells might contribute associated with an inflammatory cell infiltration comprised
to disease progression and loss of renal function in chronic predominantly of T lymphocytes and macrophages [2–4].proteinuric renal disease (CPRD). To investigate this possibil-
The possible linkage between this tubulointerstitial le-ity, the effect of monoclonal antibody against CD41 lympho-
sion and cell-mediated immunoreactivity has been stud-cytes (anti-CD4) was studied in a murine model (adriamycin
nephropathy) of CPRD. ied for some years. It has been demonstrated that sensi-
Methods. Adriamycin nephropathy was produced in male tized T cells were an important component of the renal
BALB/c mice by a single intravenous injection of adriamycin injury in mouse anti-tubular basement membrane (anti-(11 mg/kg). Anti-CD4 was given by intraperitoneal injection
TBM) nephritis, rat nephrotoxic serum nephritis, andfollowing the development of proteinuria at days 5, 6, 7, 21,
acute nephritis [5–7]. Many other studies have shownand 37 after adriamycin. After six weeks, renal function and
histology were studied by histomorphometry, immunohisto- that severe interstitial inflammation is associated with
chemistry, and flow cytometry. T-cell infiltration [8]. However, the mechanisms of renal
Results. Flow cytometric analysis showed a marked decrease injury associated with T-cell infiltration are poorly un-in the number of CD41 T cells in blood and spleen of the
derstood. Amore et al observed more severe proteinuriaantibody-treated animals (N 5 7, P , 0.01). Adriamycin plus
in heterozygous nude mice with adriamycin nephropathyCD41 depletion mice had significantly greater mesangial
expansion, glomerular sclerosis, and interstitial expansion than than in homozygous mice, which are deficient in T lym-
the mice on adriamycin alone. Interstitial infiltration with mac- phocytes, suggesting that the lack of T cells protected
rophages and CD81 cells was significantly increased in adria- the nude mice from renal injury [9]. Strutz and Neilsonmycin plus CD41 depletion mice. Creatinine clearance (17.5 6
reported that interstitial nephritis was initially character-0.54 vs. 29.2 6 0.89 mL/min, P , 0.001) was significantly worse
ized by the presence of a mononuclear infiltrate com-in the adriamycin plus CD41 depletion mice than in adriamycin
alone mice and correlated with histologic change in glomeruli prised mainly of CD41 and CD81 T cells in many experi-
and interstitium. mental models [10]. Both cell types might be directly or
Conclusions. Depletion of CD41 T cells promotes glo- indirectly involved in the protection against or inductionmerular and interstitial injury in mice with established adria-
of tubulointerstitial fibrosis. In contrast, Shappell et almycin nephropathy. These findings suggest that CD41 T cells
showed that lymphocyte infiltration was not required forhave a protective role against the progression of adriamycin
nephropathy. interstitial fibrosis and progressive tubular atrophy after
unilateral ureteral ligation in severe combined immuno-
deficient (SCID) mice in which functional T and B lym-
Key words: progressive renal disease, chronic proteinuric renal disease,
phocytes are deficient [11].proteinuria, kidney dysfunction, tubulointerstitial injury, fibrosis, in-
flammatory interstitial nephritis. The CD41 subset of T lymphocytes has been shown to
be an important component of inflammatory interstitialReceived for publication March 10, 2000
nephritis in murine models of renal disease. For example,and in revised form September 13, 2000
Accepted for publication September 27, 2000 it has been shown that CD41 cells, located in the glomer-
uli, cause injury and initiate proteinuria and crescentÓ 2001 by the International Society of Nephrology
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formation in antiglomerular basement membrane (GBM) and 35 to maintain the depleted state until sacrifice on
day 42. An equal amount of rat immunoglobulin wasglomerulonephritis [12]. CD41 cells are also involved in
the development of lupus nephritis by mediating induc- given to normal control and adriamycin alone mice on
the same days. On day 42 after injection of adriamycin,tion of autoantibody [13]. Moreover, CD41 cells have
been reported to participate in progression of IgA ne- the animals were anesthetized and killed by exsanguina-
tion. Both kidneys were removed and processed for vari-phropathy by modulating the amount of glomerular IgA
deposits [14]. It is not surprising that CD41 cells are ous analyses. The time points of CD41 antibody injection
and killing of mice were chosen because preliminaryinvolved in the pathogenesis of these types of glomerulo-
nephritis that are characterized by immune mechanisms, studies indicated that proteinuria reached its maximum
and renal injury first appeared after day 5, and renalas T cells have important roles in both humoral immunity
by mediating antibody production by B cells, and cellular injury was severe by day 42. To clarify the possibility of
kidney injury by antibody per se, a group of five normalimmunity by recruitment and activation of macrophages
and other lymphocytes. Chronic proteinuric renal dis- mice was injected four times with the same amount of
GK1.5, and none of these mice had histologic injury ineases (CPRD), initiated by nonimmune mechanisms,
such as that occurring with adriamycin nephropathy, the glomerular, interstitial, and tubule cells in compari-
son to normal mice.also have CD41 cells as predominant infiltrating leuko-
cytes in the renal interstitium [15], suggesting that CD41
Fluorescence-activated cell sorter analysisT cells could have a role in progression as well as initia-
tion of scarring in this situation. For single-color fluorescence-activated cell sorter
(FACS) analysis, splenocytes were prepared from miceTo investigate the potential role of CD41 lymphocytes
in the progression of CPRD, we studied the effects of at day 42 after injection of adriamycin. Splenocytes were
treated with a hemolytic buffer [8.3 g/L NH4Cl, 1 g/LCD41 T-cell depletion in established murine adriamycin
nephropathy. KHCO3, 1 mL/L 0.1 mol/L ethylenediaminetetraacetic
acid (EDTA)] and washed twice in phosphate-buffered
saline (PBS). Each sample of 105 cells was incubated for
METHODS
10 minutes at 48C with Fc Block (PharMingen, Sydney,
Animals Australia) to block Fc receptor and avoid nonspecific
staining, followed by incubation in staining buffer (1%Male BALB/c mice, eight weeks old and weighing 22
to 24 g, were supplied by the Animal Care Facility (West- bovine serum albumin/0.1% NaN3 in PBS, pH 7.4) with
R-Phycoerythrin (PE)-conjugated rat anti-mouse-CD4mead Hospital, Sydney, Australia). All animals were
housed in standard conditions and allowed free access and anti-mouse-CD8 (Becton Dickinson, Lincoln Park,
NJ, USA) at 48C for 30 minutes. After staining, spleno-to standard food and water.
cytes were analyzed with a FACScan (Becton Dickinson,
Experimental design Mountain View, CA, USA) gated to exclude nonviable
cells. For FACS analysis, splenocytes stained with iso-Mice were divided into three groups: normal control
and adriamycin alone with seven mice each and adriamy- type-matched antibodies were used as nonspecific fluo-
rescence-staining controls.cin plus CD4 depletion with 15 mice, as the results of
preliminary experiments showed that some mice died
Renal functional assaywithin six weeks of adriamycin and anti-CD4 treatment.
A model of chronic glomerular disease was induced To assess the functional parameters of the model, fast-
ing animals were placed in metabolic cages for 12 hoursas previously described [16]. A single tail vein injection
of adriamycin (11 mg/kg) was administered to the adria- to collect urine for determination of urinary protein and
creatinine. Creatinine clearance (CCr) was calculated asmycin alone and adriamycin plus CD41 depletion groups,
whereas an equal volume of saline was given to normal creatinine excretion divided by plasma creatinine con-
centration. Venous blood for serum creatinine and albu-control mice.
Monoclonal anti-mouse-CD4 antibody was produced min was collected at the time of sacrifice.
from the hybridoma GK1.5, which was purchased from
Histologic assessmentATCC (Rockville, MD, USA) [17]. GK1.5 monoclonal
antibodies (mAbs) were prepared from ascites harvested At week 6, the kidney was removed and weighed. A
coronal slice was fixed in 10% neutral-buffered formalinfrom nude mice and purified by protein-G affinity col-
umns (Pharmacia, Uppsala, Sweden). Adriamycin plus for 24 hours and then dehydrated in graded alcohols and
embedded in paraffin. Tissues were cut at 5 mm andCD41 depletion mice were given GK1.5 mAb (anti-CD4,
300 mg per mouse) intraperitoneally on day 5 after injec- stained with hematoxylin and eosin, periodic acid-Schiff
(PAS), and Masson’s trichrome. The degree of glomeru-tion of adriamycin, when proteinuria was already estab-
lished, and reinoculated with same dose on days 6, 7, 21, losclerosis was measured using a quantitative method [18].
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Images viewed under a light microscope were digitalized the mean for 20 randomly selected glomeruli was deter-
mined.using a video camera and then transformed onto a com-
puter screen (Tang Computer, Sydney, Australia) using
In situ hybridizationimage analysis software (Opimas 5; Optimas Corp., Seat-
cDNAs for murine interferon-g (IFN-g) and interleu-tle, WA, USA). The outline of the glomerular capillary
kin-4 (IL-4) were obtained by reverse transcription-poly-tuft was traced, and the computed area was used as a
merase chain reaction (RT-PCR) and subcloned intomeasure of total glomerular area. The area covered by
the pGEM-T vector. After the plasmids were linearized,PAS-positive staining in the same glomerulus was then
fragments of IFN-g (194 bp) and IL-4 (278 bp) weredetermined. The percentage of glomerulosclerosis for
transcripted and labeled in vitro according to the methodeach glomerulus was calculated by dividing the total PAS
outlined by the manufacturer (Boehringer Mannheim,positive area by the total glomerular area. The mean of
Sydney, Australia). The molecular size of both sense and20 randomly selected glomeruli was determined for each
antisense Dig-labeled RNA probes was confirmed bysection. The degree of interstitial expansion was deter-
electrophoresis.mined by quantitation of the relative interstitial volume.
For in situ hybridization, all buffers were preparedRandom cortical fields were viewed at a magnification
with diethyl pyrocarbonate-treated water. Prior to hy-
of 3200. The percentage relative interstitial volume was bridization, sections were heated to 808C for 10 minutes
calculated from the area occupied by trichrome-stained in a hybaid slide thermal cycler (Intergrated Sciences,
interstitium divided by the total area, using the method Sydney, NSW, Australia) to inhibit endogenous alkaline
described previously in this article. The mean of five phosphates, and then were returned to 378C before incu-
cortical fields was determined for each section. To avoid bation with the riboprobe. Sections were hybridized with
selection bias [19], the areas to be viewed for morpho- either the sense (control) or the antisense (detection)
metric analysis were anatomically identical for each sec- Dig-labeled riboprobe in a buffer comprising 0.05 mol/L
tion and positioned prior to microscopic visualization. Tris (pH 7.5), 0.6 mol/L NaCl, 20% dextran sulfate
Tubular atrophy was defined as tubules with dilated tu- (Sigma Aldrich, Sydney, Australia), 30% formamide,
bular lumen and cellular degeneration (low cell height 0.1% sodium pyrophosphate, 0.2% polyvinylpyrroli-
and absence of brush border). done, 0.2% Ficoll, and 5 mmol/L EDTA. Sections were
overlaid with cover slips and incubated in a humidified
Immunohistochemistry slide thermal cycler at 378C for 18 hours.
Coronal slices of kidneys were embedded in OCT After hybridization, the cover slips were removed, and
the sections were washed in Tris-buffered saline (50compound (Tissue-Tek; Sakura Finetek, Torrance, CA,
mmol/L Tris, 150 mmol/L NaCl, pH 7.5, containing 0.1%USA), frozen in liquid nitrogen, and stored at 2708C.
Triton X-100) in a hybaid wash module at 408C for 40Frozen sections were cut at 5 mm, fixed with acetone at
minutes each time with regular, gentle agitation. The48C for 15 minutes, and blocked with 5% normal rabbit
sections were incubated for two hours at RT in TBS-Tserum to minimize nonspecific antibody binding. Sec-
containing 20% fetal calf serum. Sections were then incu-tions were incubated with antibodies (Becton Dickinson)
bated for one hour at RT in a 1:200 dilution of Fabto macrophages, CD41 cells, CD81 cells for 60 minutes
fragments from a sheep anti-Dig antibody conjugatedat room temperature (RT). After washing in PBS, the
with alkaline phosphatase (Boehringer Mannheim). Sec-section was blocked with 3% H2O2 for three minutes to
tions were then washed three times in alkaline phospha-eliminate endogenous peroxidase. Sections were incu-
tase substrate buffer, comprising 100 mmol/L Tris (pHbated in biotylated rabbit anti-Ig (1:200) and then in avi-
9.5), 100 mmol/L NaCl, and 50 mmol/L MgCl2. Sectionsdin-biotin-horseradish peroxidase complex for 30 min-
were incubated with 175 mg of 5-bromo-4-chloro-3indo-utes each at RT. After PBS washing, the reaction was
lyl phosphate per mL, 337 mg of nitroblue tetrazoliumvisualized by the addition of freshly prepared 3, 3-diami-
per mL, and 3 mmol/L Levamisole for one hour at ambi-
nobenzidine tetrahydrochloride (7.5 mg in 15 mL PBS ent temperature. When color development was com-
with 15 mL 30% H2O2) and examined by light micros- plete, the reactions were stopped by two five-minute
copy. washes of the sections with water. Positive mRNA ex-
The number of macrophages, CD41, and CD81-posi- pression was visualized by light microscopy and con-
tive cells was quantitated in 10 nonoverlapping cortical firmed by comparing with sections of inflamed lymph
fields (3400, measuring 0.075 mm2 each). Image analysis nodes as positive controls and slides of kidney tissue
was used to count the number of cells as described pre- hybridized with sense probes as negative controls.
viously in this article. The mean number of positive cells
Statistical analysisper interstitial field was calculated for each section and
expressed as cells per mm2. Similarly, the number of The results are expressed as the mean 6 SD, and
statistical significance of differences within the groupspositive cells per glomerulus was counted (3400), and
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and among groups was determined by one-way analysis
of variance (ANOVA).
RESULTS
Adriamycin nephropathy
All mice from adriamycin alone and adriamycin plus
CD4 depletion mice developed hypoalbuminemia and
severe proteinuria after injection with adriamycin. The
time course of renal histologic changes and of infiltration
with lymphocytes and macrophages in murine adriamy-
cin nephrosis was described in detail in a previous article
[16]. Briefly, mice developed proteinuria at day 3, and
this reached a peak after day 7. Mild histotogic injury
was seen at week 1 and week 2, moderate injury from
week 2 to week 4, and severe injury from week 4 until
to the end of experiment (week 6). The histologic
changes were dominated by tubulointerstitial injury, in-
cluding tubule cell atrophy with brush border loss and
interstitial expansion with monocytic infiltration, and
glomerular sclerosis.
CD41 T-cell depletion
The efficacy of anti-CD4 antibody was tested in pre-
liminary experiments, which showed that a single injec-
tion of 300 mg GK1.5 mAb in BALB/c mice resulted in
a selective depletion of CD41 T cells to less than 5%
within 24 hours of antibody infusion and which was main-
tained for more than four weeks. Similar results have
been reported recently by several other groups [20–22].
In the present study, analysis of splenocytes with FACS
at the completion of the experiment (6 weeks after adria-
mycin administration) showed that all mice treated with
Fig. 1. FACScan analysis of expression of T-cell subsets in peripheralGK1.5 mAb had a greatly reduced number of CD41
leukocytes and splenocytes. **P , 0.001 compared with other two
T cells compared with mice treated with rat immunoglob- groups. N 5 7 for each group.
ulin (Fig. 1). In contrast, the number of CD81 T cells in
these treated mice increased nearly twofold over control.
This is in agreement with the report of Shimamine et al
[23]. Adriamycin mice treated with GK1.5 mAb were
Effects of CD4 depletion on functional parametersless healthy than mice treated with adriamycin alone.
Because the collection of urine resulted in a greaterOf the 15 adriamycin plus CD4 depletion mice, seven
risk of death in adriamycin plus CD41 depletion mice,(46.7%) died by day 28, and one (6.7%) died on day 34
urinary protein excretion was measured at one-week in-after ADR administration. Autopsy revealed enlarged
tervals using the Reagent Strips for Urinalysis (Bayerkidneys with severe ascites and edema. However, none
Australia Ltd., Pymble, NSW, Australia), until the enddied in other two groups before the completion of experi-
of experiment, when 12-hour spontaneously voided urinement. In the adriamycin plus CD41 depletion group, the
was collected prior to sacrifice. All mice in adriamycinmean body weight fluctuated and was significantly lower
alone and adriamycin plus CD4 depletion groups showedthan that of adriamycin alone mice at week 6 (15.9 6
31 to 41 (3 to 20 g/L or more) of urinary protein at2.5 vs. 19.3 6 3.9 g, P , 0.05). A similar fluctuation was
days 7, 14, 21, 28, and 35 compared with 0 to 11 (0 toseen in the ratio of kidney wt/body wt; however, the
0.3 g/L) in control mice at all time points. Blood andapparent difference between these two groups was not
urine results at the end of experiment are summarizedstatistically significant (0.013 6 0.001 vs. 0.014 6 0.002 g).
in Table 1. Creatinine clearance (CCr) and serum albuminKidneys of both adriamycin plus CD41 depletion mice
declined dramatically in both adriamycin alone andand adriamycin alone mice were pale and atrophic at
week 6. adriamycin plus CD4 depletion mice. CCr was decreased
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Table 1. Quantitation of blood and urinary chemistry, immunopathology and morphology
Negative control ADR ADR1anti-CD4
(group 1) (group 2) (group 3)
Renal function
Serum albumin g/L 26.662.2 23.864.9 18.262.8a,b
Serum creatinine mmol/L 32.865.3 38.467.6 44.867.7a,b
Urinary protein mg/24 h 1.160.5 11.763.8a 14.663.8a
Urinary creatinine mmol/24 h 2.960.6 1.460.7 2.060.7
Creatinine clearance mL/min 81.963.66 29.262.8a 17.562.2a,b
CCr/body wt mL/min/g 3.660.7 1.560.1a 1.160.1a,b
CCr/kidney wt mL/min/g 242.7672.0 115.9614.6a 76.869.4a,b
Interstitial immunopathology (cell number/4003 field)
CD41 T cells 1.861.5 148.1619.6a 1.361.6a,b
CD81 T cells 0.260.5 63.369.3a 81.6612.5a,b
Macrophages 8.463.3 59.8611.4a 77.4620.9a,b
B cells 2.163.6 2.561.1 1.963.1
Total 12.562.2 273.7610.4a 162.269.5a,b
Morphology
Glomerular surface area 93.668.1 69.4620.3a 53.8611.3a,b
Glomerular sclerosis % 0 12.962.8a 19.265.9a,b
Number of nuclei in glomeruli 48.063.1 24.264.9a 15.762.6a,b
Tubular diameter 5.760.7 13.967.0a 14.265.8a
Tubular cell height 2.460.6 0.560.2a 0.660.3a
Interstitial volume % 0.560.4 16.463.1a 20.763.5a,b
Values are expressed as mean 6 SD.
a P , 0.05 compared with age-matched negative control (group 1)
b P , 0.05 compared with ADR-treated positive control (group 2)
Effects of CD4 depletion on recruitment of
inflammatory cells
Large numbers of macrophage, CD4 and CD8 infil-
trates were seen in the interstitium of adriamycin alone
mice, whereas these monocyte infiltrates were rarely ob-
served in kidneys of normal control mice. Macrophages
were seen in both interstitium and glomeruli, mainly
in perivascular, and periglomerular and intraglomerular
sites, but CD41 and CD81 infiltrates in only the intersti-
tium. In adriamycin plus CD41 depletion mice, the total
number of interstitial inflammatory cells was decreased,
whereas interstitial CD81 cells were increased in com-
parison to adriamycin alone mice (Fig. 4 and Table 1).Fig. 2. Creatinine clearance in normal control, adriamycin (ADR)
alone, and ADR plus CD41 depletion mice. Adriamycin plus CD41 Surprisingly, Mac-3 staining cells (macrophages) were
depletion mice showed worse CCr than that of adriamycin alone mice. increased 1.5-fold in adriamycin plus CD41 depletion*P , 0.01 compared with age-matched normal control; **P , 0.05
mice compared with adriamycin-alone mice (Figs. 3 andcompared with adriamycin alone mice.
4 and Table 1). Virtually no CD41 cells and rare B cells
were found in sections of adriamycin plus CD41 deple-
tion mice (Table 1).
by 65% in adriamycin alone mice, and 79% in adriamycin
Effects of CD41 depletion on renal histologyplus CD4 depletion mice from levels of normal control
Histologic examination showed evidence of focal seg-mice (82.4 6 2.22 mL/min). CCr was significantly lower
mental glomerulosclerosis, tubulointerstitial inflamma-in adriamycin plus CD4 depletion mice compared with
tion and fibrosis, and tubular atrophy in both adriamycinadriamycin alone mice (17.5 6 0.54 vs. 29.2 6 0.89 mL/
alone and adriamycin plus CD41 depletion mice. How-min, P , 0.001; Fig. 2). Serum albumin was significantly
ever, the structural changes were more severe in adria-lower in adriamycin plus CD4 depletion mice compared
mycin plus CD41 depletion mice. The percentage ofwith adriamycin alone mice (18.2 6 2.8 vs. 23.8 6 3.9 g/L,
mean glomerulosclerosis was increased significantly inP , 0.05). The increase of urinary protein excretion was
adriamycin plus CD41 depletion mice in comparison tosimilar in adriamycin alone and adriamycin plus CD4
depletion mice. adriamycin alone mice; this was accompanied by a reduc-
Fig. 4. Number of infiltrating cells in cortex of normal control, adriamy-
cin alone, and adriamycin plus CD41 depletion mice. Macrophages and
CD81 lymphocytes were increased in adriamycin plus CD4 depletion
mice compared with adriamycin alone mice. Symbols are: ( ) CD41
T cell; (h) CD81 T cell; (j) macrophage; *P , 0.01 compared with
age-matched normal control; **P , 0.05 compared with adriamycin
alone mice.
b
Fig. 3. Inflammatory infiltrates in the cortex of adriamycin alone and
adriamycin plus CD41 depletion mice. Macrophages and CD81 lympho-
cytes in adriamycin alone mice (A and C ) and in adriamycin plus CD41
depletion mice (B and D). Macrophages and CD81 T lymphocytes
were increased in adriamycin plus CD41 depletion mice compared to
adriamycin alone mice.
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tion in glomerular surface area and number of nuclei per such as lupus nephritis, IgA nephropathy, and crescentic
glomerulonephritis. The mechanisms by which CD41glomerulus. Relative interstitial volume was significantly
higher in adriamycin plus CD41 depletion mice than in T cells induced renal injury in immune diseases are re-
lated to the facilitation of humoral immunity by initiatingadriamycin alone mice, accompanied by an increase of
fibrosis and infiltrates (Figs. 4, 5 and 6, and Table 1). In antibody production and to enhancement of cellular im-
munity by recruitment and activation of macrophagescontrast, analysis of tubular parameters (tubular diame-
and lymphocytes [12–14]. CPRD, however, may be medi-ter and degree of tubular atrophy) showed that there was
ated by nonimmune mechanisms, and in this situation,no significant difference between adriamycin plus CD41
it is unclear whether CD41 T cells play a pathogeneticdepletion mice and adriamycin alone mice. Morphologi-
role [24]. Nevertheless, CD41 T cells are important com-cal data are also summarized in Table 1. In all groups,
ponents of inflammatory cell infiltrates in CPRD, sug-both percentage mean glomerulosclerosis and the mean
gesting that cellular immune mechanisms may partici-relative interstitial volume correlated with CCr at week
pate in the progression of CPRD as well, irrespective of6 (r 5 0.96 and 0.95, respectively, P , 0.001 for both).
initiating events.
Effects of CD4 depletion on cytokine expression Chronic proteinuric renal disease can be produced in
some rodents by a single injection of adriamycin. ThisIn situ hybridization showed that none of the sections
model is characterized by a nonimmune glomerulopathyhybridized with sense probes were showed any specific
with heavy proteinuria and tubulointerstitial injury andstaining (purple color). Sections hybridized with IFN-g
is considered to be a robust analogue of human CPRD.antisense probe showed that IFN-g mRNA expression
The mechanisms of induction of adriamycin nephropa-was obviously increased in tubules, interstitium, and glo-
thy are unclear, but are related to its direct cytotoxicmeruli of adriamycin plus CD41 depletion mice (Fig. 7).
effect on epithelial cells. However, it is unlikely that theHowever, sections hybridized with IL-4 antisense probe
progressive glomerular and tubulointerstitial injury isshowed that IL-4 mRNA was undetectable in glomeruli,
due to a toxic effect of chronic accumulation of adriamy-tubules, and interstitium in both adriamycin alone and
cin because of its rapid clearance from blood and kidneyadriamycin plus CD41 depletion mice.
[25, 26]. In this study, anti-CD41 antibody was given
from day 5 after adriamycin administration. The purpose
DISCUSSION for the timing of this intervention was to examine the
To determine the role of CD41 T cells in the progres- role of CD41 T cells in the progression rather than initia-
sion of CPRD, we have developed a progressive murine tion of nonimmunologic CPRD.
model of CPRD and depleted CD41 cells with a mAb The observations in mice depleted CD41 T cells were
against CD41 in mice with established CPRD [16]. CD41 interesting and unexpected. Adriamycin plus CD41 de-
cells were markedly reduced in peripheral blood and pletion mice showed significant acceleration in glomeru-
kidney by the mAb against CD41. Adriamycin plus lar and interstitial injury, with increased glomerular scle-
CD41 depletion mice had significantly more glomerular rosis and reduced volume of glomeruli, and promotion
sclerosis and a lower glomerular surface area than mice of interstitial inflammation and fibrosis characterized by
treated with adriamycin alone. Interstitial volume and prominent macrophage and CD81 infiltrates and increased
interstitial volume. Moreover, many mice died in the adri-numbers of interstitial macrophages and CD81 cells were
significantly increased by CD41 depletion in adriamycin amycin plus CD41 depletion group prior to final exami-
nation, with signs of ascites and edema, suggesting severemice. Renal function was significantly worse in adriamy-
cin plus CD41 depletion mice than in adriamycin alone nephrotic syndrome and uremia. The reasons for the ag-
gravation of glomerular and interstitial injury with CD41mice and correlated with histologic change in glomeruli
and interstitium. The results clearly show that depletion depletion are unknown, but it is logical to assume they
relate to a decrease in the number of CD41 T cells.of CD41 T cells promotes glomerular and interstitial
injury in established murine adriamycin nephropathy. Those mice without CD41 T cells, however, expressed
a greater number of CD81 T cells and macrophages inIt has been demonstrated that CD41 T cells play an
important role in the pathogenesis of inflammatory renal the interstitium. The increase in CD81 cells and macro-
phages could reflect a compensation to CD41 T celldiseases, which are initiated by immune mechanisms,
b
Fig. 7. In situ hybridization of interferon-g (IFN-g) mRNA expression in renal cortex. Sections were hybridized with an IFN-g antisense probe
(a and b) and sense probe (c and d). IFN-g mRNA expression was seen in interstitium of adriamycin alone mice (a) and up-regulated in interstitium,
tubules, and glomeruli of adriamycin plus CD41 depletion mice (b). No signal was seen in sections hybridized with sense probes in both adriamycin
alone mice (c) and adriamycin plus CD41 depletion mice (d).
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Fig. 5. Glomerulosclerosis and tubulointerstitial injury in adriamycin alone mice and adriamycin plus CD41 depletion mice. (A) Normal control.
(B) Adriamycin alone mice. (C ) Adriamycin plus CD41 depletion mice. Glomerulosclerosis and interstitial expansion were more severe in
adriamycin plus CD41 depletion mice than in adriamycin alone mice. There was on difference in tubular injury between adriamycin plus CD41
depletion and adriamycin alone mice.
macrophage function [29]. It has been demonstrated that
BALB/c mice have a predominant Th2 response, whereas
C57BL/6 mice have a predominant Th1 response to a
variety of antigens [30]. Thus, CD41 depletion in BALB/c
mice could reduce the Th2 response, resulting in a pre-
dominantly Th1 response. In this study, we demonstrated
that the Th1 cytokine IFN-g mRNA was increased in
renal cortex. The increase of IFN-g could activate macro-
phages and further injure glomeruli and interstitium [31].
Another subset of CD4 cells, Th3, secretes transforming
growth factor-b, which inhibits macrophages [32]. Deple-
tion of CD41 cells, especially the Th3 subset, could thus
also enhance the function of macrophages to cause renal
Fig. 6. Percentage of glomeruli with sclerosis (GS; h) and relative damage. However, excessive TGF-b production from
interstitial volume (IV; j). Adriamycin plus CD41 depletion mice had other cell types such as fibroblasts and glomerular cells
greater GS and IV than adriamycin alone mice. *P , 0.01 compared
could result in fibrosis and progression of CPRD [33].with age-matched normal control; **P , 0.05 compared with adriamy-
Another surprising finding in this study was that inter-cin alone mice.
stitial macrophage infiltration increased after depletion
of CD41 T cells, suggesting that macrophage recruitment
and infiltration is not CD41 dependent in this situation.
depletion. Thus, direct cellular toxic effects of CD81 Moreover, in mice with adriamycin nephropathy, macro-
T cells, compounded by cytotoxic products from acti- phages but not T cells were significantly increased in
vated macrophages, may account for acceleration of glo- glomeruli. These data also support the contention that
merular and interstitial injury. An alternative explana- macrophage infiltration is not mediated by CD41 T cells
tion could relate to the phenotype of T cells in BALB/c in this situation. Similar findings has been reported in
mice. Studies of inbred mouse strains have established rat with adriamycin nephropathy by Saito and Atkins
the concept of several patterns of CD41 T-cell responses, [34]. Increased macrophage infiltration could be the re-
including the so-called Th1 and Th2 subsets [27]. The sult of activation of nuclear factor-kB (NF-kB) in tubule
Th1 subset produces IFN-g, IL-2, and tumor necro- cells by the proteinuric state and subsequent elevated syn-
sis factor-b (TNF-b) and facilitates cellular immunity, thesis of monocyte chemoattractant protein-1 (MCP-1)
whereas the Th2 subset produces IL-4, IL-5, IL-6, IL-10, and regulated upon activation, normal T cell expressed
and secreted (RANTES) [35, 36]. It has been demon-and IL-13, initiates humoral immunity [28], and inhibits
Wang et al: CD41 cells in adriamycin nephropathy 983
feron-g; IL, interleukin; MCP-1, monocyte chemoattractant protein-1;strated that the expression of chemokines (MCP-1,
RT, room temperature; RT-PCR, reverse transcription-polymerase
RANTES) and adhesion molecules [intercellular adhe- chain reaction; SCID, severe combined immunodeficient (mouse strain);
VCAM, vascular cellular adhesion molecule.sion molecule (ICAM), vascular cell adhesion molecule
(VCAM)] are increased in tubular cells and interstitial
cells in progressive renal disease [37–40]. Local chemo- REFERENCES
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